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Chapter 1

Introduction

This report will describe two improvements to the "Electromagnetic Surface
Patch" or ESP code. ESP is a user oriented computer code, based upon the
method of moments (MM) [1], for the analysis of thin wires and polygonal
plates. ESP has been distributed to over 100 users in industry, government,
and universities.

The latest version, ESP Version III, was released in May 1987 [2]. In
brief, ESP Version III can treat geometries consisting of:

1. thin wires with finite or perfect conductivity and lumped loads,

2. perfectly conducting polygonal plates,

3. wire/plate junctions (at least 0.1 A from a plate edge)

4. plate/plate junctions, including several plates which interiect along a
common edge,

5. excitation by either a plane wave or a delta gap voltage generator.

ESP III is capable of computing most of the quantities of engineering in-
terest incinding:

1. current distributions,

2. input impedawce, input admittance, and radiation efficiency,

3. mutual coupling,
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4. far zone gain patterns (both polarizations)

5. far zone plane wave scattering patterns (full scattering matrix).

Notice that ESP III can only treat perfectly conducting plates. However,
using the sheet impedance approximation we have modified the code so that
it can treat electrically thin dielectric plates. The dielectric plates may be
lossy. Also ESP III can only compute far zone radiation and scattering
patterns. However ESP has now been modified to be able to compute near
zone radiation and scattering patterns, including the radial component of
the field. By near zone patterns we mean that the field point can be the in
near zone of the radiating antenna or scatterer. These two modifications
have been incorporated into the ESP code, and will become part of ESP
Version IV. All of the numerical data in this report was run with this
preliminary version of ESP IV, Although it will not be described in this
report, ESP has also been modified so that it can efficiently generate data
over a wide frequency bandwidth 13].

In this report all fields and currents are time harnowic, with the e--
time dependence suppressed.
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Chapter 2

Modifications to ESP

2.1 Near Zone Fields

As mentioned above, pwevious versions of the ESP code are limited to com-
puting far zone patterns. That is, the field point is at an infinite radius
from the radiating or scattering body. However, we have now increased the
cenerality of the ESP code by allowing the field point to be at a finite ra-
dius from the body. While in the far zone only the transverse components
of the fields are nontzero, in the near tone the nonaero radial cowponent is
couiputed.

Gain and radar cross-section (RCS) at a near zone fidld point will now be
defined so that they are coniistent with the usual far zone definitions. We
will start with the definition of gain. Thus we consider an antenna excited
by a generator and which radiates an electric field, E(rGq), which is a
function of the spherical (r, o, 6) coordinates of the field point. Let E(r, 0, 0)
denote a given polarization of the vector electric field. It is well known that
in the far zone (i.e., in the linmit as r -. o) the radial dependence of the
field is simply

For this rea'n. ii flip fur 7ni te. lip ,letttic field i wltuaily writfel, as

L1(r,oA) =), (2.1)
r

where EF is referred to as the far zone electric field and is independent of
r. From Equation 2.1, the far zone electric field is related to the actual
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electric field by
EF(O,4) = n re-*"'E(r,',4). (2.2)

The far zone zone directivity of an antenna in a given direction is the
ratio of the radiation intensity in that direction to the average radiation
intensity of the antenna. The far zone gain is the product of the directivity
and the radiation efficiency. The radiation efficiency is the ratio of the total
power radiated by the antenna to the total power input to the antenna. The
far zone gain is simply related to the far zone electric field by

GF(O,0) tEF(O,)I (2.3)

where Pi,, is the total power input to the antenna.
Corresponding to Equation 2.2, we can define a near zone field as

EN(r, 0,) = reY"E(r,0, ). (2.4)

Note that ENv is a function of r as well as 0 and 40, since for finite r, the
radial dependence of E is not exactly e--*/r. However, as r gets large, ENv
will become independent of r aid approach Er. We now define the near
zone gain as

30P, (2.5)

The advantage of the above definition of near zone gain is that it allows
GNv to be directly compared to Gr without the need for a radial dependent
scale factor. Also, as r gets large Gs will approach GO.

If in Equation 2.3 we insert the 9 component of the electric field, then
we obtain the ý polarized gain, If we insert the o polarization, then we get
the ý polarized gainy. Similarly, the nekr zone gain of Equation 2.5 has r,
0, and 0 components.

Next consider the definition of RCS in the near and far zone. We will
rtill rl,-nnoe E•r.9.iM st. the radi•ted fild of the target, 61s we will iinw
assumne that the target currents were induced by a plane wti - of magniulde
F, incident from the direction (9,,d,). The far zone bistatic echo area or
RCS is given by

a,.(, 4 x .(2.6)
IE,4



If (0, 0) = (0,, O,), then ffF is referred to as the backscatter RCS. If (0, 0) =
(Or - 6,,ir + O,), then aF is referred to as the forward RCS. Similarly we will
define the near zone bistatic RCS as

IEN(r ',O9 )J2
aN(r,0,,k) = 41r IEOI2  (2.7)

oF has four componients, corresponding to the possible polarizations of

the incident and far zone scattered plane waves. These are:

0 incident and 0 scattered

Sincident and s scattered

Sincident and € scattered

Sincident and 0 scattered.

oN has the above four components plus

Sincident and f scattered

Sincident and i' scattered

since the near zone scattered field can have a radial component. ESP IV
will output the magnitude and phase of the near or far zone gain aud RCS.
By the phase of the near or far zone gain or RCS, we meam the phase of
EN or Ey, rcspectii'eiy.

The commutation of near zone fields will be illustrated with the four
element dipole array shown in Figure 2.1. Here we have four A/2 dipoles
located A/4 in front of a perfectly conducting 1.2A x 0.75A refleqting plate.
A three view plot of the wire and plate geometry, supplied by tht ESP code,
is shown iti Figure 2.2. Here it cau be seen that for the MM solution each
dipole is split into 4 equal segments, which results in 3 piecewiw, sinusoidal
modes on each dipole. The plate is modelled by 38 surface patch modes.
Th' di'nls- are p,-rfuftly eninelint w-ith a rAldli5s of N)fX.I V. Eeh dip,,le ic

fed by an in phase one volt generator, which in the far zone will produce a
beam maximum on lhe +x axis, that is at 0 = 90' and 0 = 0. We will now
show that as the radius of the near zone gain patterns for the dipole array
increases, the near zone gain patterns approach the far zone gain patterns.
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1.2 X X O,75X PLATE

X/4

X/2 DIPOLE

Figure 2.1: Top View of four A/2 dipoles loctted A/4 in frout of a
1.2A x 0.75A reflecting plate,

F.-r the dipole array, Figures 2.3,2.4 show the far zone gain in the ax-
imuth plane 0 = -90 and in the elevation plane = 0. Only the 6 polariza-
tioll is shown, since in these planes there is no @ polarization. By contrast
Figures 2.5-2.9 show the 0 polarized near zone gain in the aiimuth plane
and for r = 0.7, 1, 2, 5, and 10 A. Figures 2.10-2.14 and 2.15-2.19 show the
8and r, polarized neeix tone gain in the elevation plaie and for the same r
values. Note that all of tlrese pattern plo ts are supplied by the ESP code.

Comparing Figures 2.3 and 2.5 shows that the near zone atimiuth plane
pattern at r = .A is considerably different from the ftr tone pattern.
In particular, the peak gin at r = 0.7A is 7.2 dB, as conipared to 9.3
dB in the far zone. Also. the beanwidth at r = 0.7At is much wider thai
the heamwidth in the far zone. There are two main reasons for these
differnces. Firlt. the imiform phase tfl•wr will produce radiatimi from
each dipole w•llich adds ih phase at 0 =0 aWnd 0 = 0 in the far zone sone,
bitt not at r = 0.7A. Thus, the peak near zone gain is less than the ipeak
far zone gain. Second, in the near zone the end elements in the dipole array
are much closer io the field moints near ± = 196) than the center elements.
This increases the field intensity near 6 -. L00 and thus increases the near

6



GEOMETRY FOR 4 ELEMENT DIPOLE ARRAY

12 WIRE MODES
38 PLATE MODES
0 ATTACH. [HODES

50 TOTAL MODES
0.440\

Z RXIS VIEW

X AXIS VIEW Y AXIS VIEW

Figure 2.2: A three view sketcld of the four element dipole array aid re-
flecting plate of Figure 2.1.
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zone beamwidth. Comparing Figure 2.3 to Figures 2.5-2.9 shows that as r
increases, the near zone azimuth patterns approaches the far zone pattern.

Figures 2.10-2.14 show the 0 polarized near zone elevation plane patterns
at r = 0.7, 1, 2, 5, and 10 A. Comparing Figures 2.4 and 2.10 shows that the
aear zone elevation plane pattern at r = 0.7A is considerably different than
the far zone pattern. However, comparing Figure 2.4 to 2.10-2.14 shows
4hl•t as r increases the near zone elevation plane patterns approach the far
zone padtern.

In the fii.r zone the f component of all fields is zero, but in the near zone
it is not. For the dipole array Figures 2.15-2.19 show the f polarized gain
in the niear zone and for r "- 0.7, ,, 2, 5, and 10 A. Note that as r increases,
the level of the f polarized gain decreases from -6.4 dB at r = 0.7A to -22.6
dB at r -- 10A.

Next we wiNl consider the RCS of th- dipole array shown iii Figures
2.1 and 2.2. For a 0 polarized incident and scattered plane wave, Figure
2.20 shows the far zone backscatter RCS pattern in the azimuth plane
0 = 900. Figures 2.21-2.25 show the corresponding near zone RCS patterns
for r = 0.7, 1, 2, 5, and 10 A. Although the RCS is shown in units of
dB over a square meter, in this case it is equivalent to dB over a square
wavelength, since the computations were made at a frequency of 300 Mhz
(A = 1 meter). Compariing Figures 2.20 and 2.21 shows that the ROS at
r = 0.TA is considerably different from the far zone RCS. However, as r
increases, the near zone RCS does approach the far zone RCS.

In summary, the capability to compute near zone fields has been added
to the ESP code. Other than numerical integrations, no approximations
are involved in the computation of the near zone fields, which are not also
made in the iomputation of the far zone fields. The above data suggests
that we have properly modified ESP to compute near zone fields. The
main limitations are that if the held point gets too close to the wire/plate
geometry, artificial slope discontinuities in the MM expansion modes will
cause anomalous behavior in the computed near zone fields. For this reason
the field point should not be closer than about a tenth of a wavelength from
the ,%irc/plate geometry.
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4 ELEMENT DIPOLE ARRAY
FREOUENCY 30.000 1HZ.
GAIN
POLRRIZHTION: G

iAZIf!. PLFNE:= 90' R oo
MRXIMUM - 9.500 DB 10 DB/DIV.

Figure 2.3: 0polarized far zone Sain for the dipole array iv' the Azimuth

plane.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY 3 008.00 MHZ.
GAIN
POLARIZATION: e
ELEV. PLRNE:ý= 0 R oo
MAXIMUM 9.3@0 DB 10 DB/DIV.

Figure 2 4: 0polariz-!d far zone gain for the dipole array in the elevation
plane.
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4 ELEMENT DIPOLE ARRAY
FREOUENCY - 300.00 MHZ.
GRIN
POLARIZATION: e
AZIM. PLANE:' 9®0 R= 0.700 N
MAXIMUM 7.200 DB 10 DB/DIV.

Figure 2.5: polarized near zone gain at r = 0.7A for the dipole array in
the azimuth plane.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY 3 300.00 MHZ.
GRIN
POLARIZATION: e
nZIM. PLFNE:= 900 R= 1.000 I
MAXIMUM - 8.300 DB 10 DB/DIV.

Figure 2.6: 6 polarized near zone gain at r = 1A for the dipole array in the
azimuth plane.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY 300.00 MHZ.
GAIN
POLARIZATION: 0
AZIM. PLANE: e = 9g0 R= 2.000 M
MAXIMUM = 9.100 DB 10 DB/DIV.

Figure 2.7:0 polarized near zone gain at r = 2A for the dipole array in the

azimuth plane.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY = 3@0.00 MHZ.
GRIN
POLARIZATION: e
AZIM. PLANE:" = 900 R= 5.000 M
MAXIMUM = 9.300 DB 10 DB/DIV.

Figure 2.8: 9 polarized near zone gain at r = 5A for the dipole array in the

azimuth plane.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY 300.00 MHZ.
GRIN
POLARIZATION: "
AZIM. PLRNE: - 9g0  R= 10.000 M
MAXIMUM 9.300 DB 10 DB/DIV.

Figure 2.9: i polarized near zone gain at r = 10A for the dipole array in
the azimuth platie.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY = 300.00 MHZ.
GAIN
POLARIZATION: 0
ELEV. PLANE: ý = 0° R= 0.700 M
MAXIMUM = 7.200 DB 10 DB/DIV.

Figure 2.10: 0polarized near zone gain at r 0.7A for the dipole array in
the elevation plane.

16



4 ELEMENT DIPOLE ARRAY
FREQUENCY 300.00 MHZ.
GAIN
POLARIZATION: e
ELEV. PLANE: ý 00 R= 1.000 M
MAXIMUM 8.300 DB 10 DB/DIV.

Figure 2.11:0 polarized near zone gain at r = 1A for the dipole array in
the Ievation plane.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY 300@.0 MHZ.
GRIN
POLARIZATION: 0
ELEV. PLANE: - @0 R= 2,0@@ M
MAXIMUM = 9.1@0 DB 10 DB/'DIV.

Figture 2.2: 0 polarized uear zone gain at r 2A for the dipole array in

the elevation plane.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY 3 500.00 MHZ.
GRIN
POLH'R'IZRTION: 6
ELEV. PLRNE: ý = 0 R= 5.000 M
MRXIMUM = 9.300 DB 10 DB/DIV.

Figure 2.13: 9 polarized uear zoce gain at r 5A for the dipole array in

the elevation plane.
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4 ELEMENT DIPOLE ARRAY
FREQULENCY 300.00 MHZ.
GAIN
POLARIZATION: e
ELEV. PLANE: 6 = g0 R= 10.000 M
MAXIMUM = 9.300 DB 10 DB/DIV.

to

Figure 2.14: polarized near osie gain at r = 10A• for the dipole array ih
the elevation plane.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY 300.00 MHZ.
GRIN
POLARIZATION:' R
ELEV-. PLRNE:ý= @0 0 R= '0.700i N
MAXIMUM =-6.4@@ DB 10 DB/DIV.

Figure 2.15: f polarized near zone gain at r 0 .7A for the dipole array in

the elevation plane.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY = 300.00 MHZ.
GRIN
POLARIZATION: R
ELEV. PLANE: = 0' R= 1.000 M
MAXIMUM = -6.300 DB 10 DB/DIV.

Figure 2.1t5: i'polarized tieat zone gain at r 1 A for the dipole array ini
tile elevation JpIaue.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY = 300.00 MHZ.
GAIN
POLARIZATION: R
ELEV. PLANE:•= 00 R= 2.000 M
MAXIMUM = -9.600 DB 10 DB/DIV.

F igtire 2.17: f polarized iwar zone gain at r 2A for Llie dipole array inl
the elevation plane.
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4 ELEMENT DIPOLE ARRAY
FRECUENCY 300.00 MHZ.
GAIN
POLARIZATION:'- R
ELEV. PLANE: o R- 5.p00 M
MAXIMUM =-16.700 DB 10 DB/DIV.

Figure 2.18: r^ polarized near zone gain at r = 5A for the dipole array in
the elevation plane.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY =30.060 MHZ.
GRIN
POLARIZATION: R
"ELEV. PLANE: A 00 R= 1.000 M
MAXIMUM =-22.600 DB 10 DB/DIV.

Figure 2.19: f polarized near zone gain at r = 10A for the dipole array in
the elevation plane.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY = 53@.00 MHZ.
BACKSCRTTER
POLARIZATION: @-IN e-OUT
AZIM. PLANE: z 900 R = 00
MAXIMUM = 11.500 O8/M2 10 DB/DIV.

Figure 2.20: The 0 polarized far zone backscatter ROS for the dipole array
in the azimuth plane.
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4 ELEMENT MIPOLE ARRAY
FREQUENCY = 300.00 MHZ.
BACKSCRTTER
POLARIZATION: @-IN @-OUT
AZIM. PLANE:@- 90 R= 0.700 M
MAXIMUM 9.500 DB/M2 10 DB/DIV.

Figure 2.21: The 6 polarized near zone backscatter RCS for the dipole array
at r =O.7A in the azimuth plane.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY 300.00 MHZ.
BRCKSCATTER
POLARIZATION: @-IN e-OUT
RIM. PLRNE:e 90@ R= 1.000 M
MAXIMUM - 10.600 DB/M2 10 DB/DIV.

Figure 2.22: The 0 polarized near zone backscatter RCS for the dipole array

at r = A iu the azimuth plane.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY = 300.00 MHZ.
BACKSCATTER
POLARIZATION: @-IN O-OUT
AZIM. PLANE:O = 90' R= 2.000 M
MAXIMUM = 11.500 DB/M 2  10 DB/DIV.

Figure 2.23: The 0 polarized near zone backscatter RCS for the dipole array
at r = 2A in the azimuth plane.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY =30.00 MHZ.
BACKSCATTER
POLARIZATION: @-IN @--OUT
FIZIM. PLANE:= 90' R= 5.000 M
MAXIMUM = 11.600 DB/M 2  10 DB/DIV.

Figure 2.24: The 9 polarized near zone backscatter RCS for the dipole array

a# SX in the azimuth plane.
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4 ELEMENT DIPOLE ARRAY
FREQUENCY = 300.00 MHZ.
BACKSCATTER
POLARIZATION: @-IN O-OUT
AzImI. PLANE:@ =90 R= i@.00@@ M
MAXIMUM = 11.600 DB/M2 10 DB/DIV.

Figure 2.25: The 0 polarized viear zone backscatter RCS for the dipole array
at r = 10A in the azimuth plane.
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THIN DIELECTRIC PLATE

5 Zs = 1
JWoj ( er-I )T

Figure 2.26: Side view of a thin dielectric plate.

2.2 Thin Dielectric Plates

Previous versions of the ESP have been linitedl to trcatlzg plates of zero
thickness and perfect conductivity. In this section we will describe the use
of the sheet impedance approximation which will permit version IV of ESP
to treat electrically thin dielectric plates.

Figure 2.26 shows the side view of a dielectric plate of thickness T and
relative dielectric constant e, = e/to immersed in free space with pernit-
tivity t0 • 8.85 x 10-" F/ne. If the slab is loosy, then e, will be complex.
The sheet impedance approximation is valid provided:

1. The dielectric plate is sufficiently thin that the electric field is essen-
tially uniform throughout its thickness. This will be the caue provided
tk-,ic-TI < , where k is the free tpate wavenwumber.

2. The doniinant polarization of the electric field in the dielectric slab is
parallel to the broad surfaces of the slab. This assumption is usually
best satisfied when the incident field is polarized parallel to the broad
surfaces of the slab or if Ie,t > 1.
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If the above assumptions are satisfied, then the thin dielectric plate can
be modeled as a zero thickness plate with sheet impedance [41-[81

z = 1 (2.8)jweo(f. - 1)T

The sheet impedance of a multilayer slab is simply the parallel combination
of the sheet impedance of each layer [8]. For example, if we have a two layer
slab, and if Z., and Z,2 denote the sheet impedance of the individual layers,
then the sheet impedance of the two layer slab is

z. = Z.2  (2.9)Z., + Z.2

From Equation 2.8 it can be seen that if the dielectric slab is lossless, then
Z. is pure imaginary. If the slab is very lossy, such that Wm(e.) Re(e),
then Equation 2.8 becomes

Z& = , r '(2.10)

where a is the conductivity of the material. A material with pure real sheet
impedance, as given by Equation 2.10, is referred to as a resistive sheet.

Probably the main advantage of the sheet impedance approximation is
that it is relatively simple (P-s conipaed to more exact models) to imple-
ment. In particular, as4sume one has a surface patch MM computer code
for perfectly conducting plates, such as the ESP code. Then to modify this
code to treat plates with a sheet impedance, it is only necessary to add the
term

A Z",(2. J11)

to the mn term in the MM impedance matrix for the perfectly conducting
plates. In Equation 2.11, Jt ir the ith MM basis function, mad the in-
tegration is oVer thot portion of the surface where J., J., and Z. arm all
iion-zern, Nnti thlat 111 1nmlT1%it,1 in F.qnamtinn 2.11 is renizonsthly svtimpl4.
evea if Z. varies over the surface. `f Z, = 0, then AI,.. = 0. A sheet
itvpedwice plate is thus a generalimation e the perfectly conducting plate,
with the perfectly conducting plate being the spevial case 2. = 0. ESP
Version IV has been- set up to allow the user to specify a different Z. for
each plate. Thus. ESP IV will be able to treat combinations of perfectly
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conducting and thin dielectric plates. Also, ESP IV will be able to compute
the near or far zone fields of a surface impedance plate.

In our present implementation of the MM solution for a sheet impedance
plate, we use the same current expansion or basis functions as for perfectly
conducting plates. On a perfectly conducting plate the normal component
of the surface current density goes to zero at the edges of the plate, and our
basis functions enforce this condition. However, on a sheet impedance plate,
the normal component of the surface current density need not vanish. Thus,
the basis functions presently being used for sheet impedance plates are not
optimum, The solution to this problem is to augment our present expansion
modes with a series of edge modes which allow for a finite normal component
of current at the edges of the sheet impedance plates. As described below,
this has been done for a single plate (see Figures 2.36,2.37 below), but a
general technique not not been implemented in the ESP code.

The first example of the use of the sheet impedance model for a thin
dielectric plate is shown in the irnsert in Figure 2.27. Here we have a 0.813
A square dielectric plate of thickness T = 0.051 A mid relative dielectric
constant t, = 4. Using Equation 2.8, this dielectric plate has a sheet
impedance of Z. -= -392 f0. Figure. 2.27 shows a comparison of the mea-
sured 191 and computed RCS in the elevation plante and for ý polarization.
The same data is shown for the i polarization in Figure 2.28. Although
there is overall agreenment between computed and mieasured results in these
figures, there are also n~oticeable differences. One reason for the differeaces
is that for this dielectric plate

ki.T= 0.64

which is somewhat large to expect highly accurate results from the sheet
impedance model. Alto, for the 6 polarized RCS of Figure 2.28, near Srring
incidence (0, = 0, 180') the incident field is polarized perpendicular to
the broad surfaces of the plate. Thus, in this case the donminant electric
field in the dielectric %ill be perpendicular to tlhe broad surfaces of the
siab. As described above, this violates the sewoad condition for the sheet
impedance approximatimi. We note that the presence of the eie-tric field
perpendicular to the broad surface of the dielectric plate can be accounted
for by a magnetic sheet current, however, the complexity of the resulting
solution is greatly increased 1101.
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Figure 2.27: The RCS of a 0.313 A square dielectric plate at 300 Mhiz, and
for 4) polarization
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The second example of the use of the sheet impedance model is illus-
trated in the insert in Figure 2.29. Here we have a dielectric cylindrical shell
of height 3.73 cm, outer radius 1.27 cm, shell thickness T = 0.254 cm, and
relative dielectric constant c, = 2.54. Using Equation 2.8, at f = 6.03 0hz
this dielectric shell is equivalent to the sheet impedance Z, = -j763 11.
For the purpose of the MM model, the circular cylindrical dielectric shell
is modelled by a zero thickness octagonal cylinder of radius 1.14 cm and
surface impedance -j763 0. 56 surface patch modes are used to model
the current on the cylinder.

Figures 2.29 and 2.30 show the dielectric cylinder elevation plane RCS
patterns for the i and qý polarizations. In these curves the solid line is
measurements by Van Doeren [11], the dots are computations by Van Do-
eren, and the x" are our sheet impedance model computations. For this
dielectric shell

kf/iT = 0.32.

The agreement between our and Van Doeren's results is only fair.
As a final example, Figure 2.31 shows a dielectric strip of length 3.048

in, width 0.1829 m, and thickness T = 0.0001829 m, and with c, = 4. The
dielectric strip is excited by a unit amplitude 2 or i polarized plane wave
incident from the +y axis, i.e.,

El. = Eý = e'k V/re.

At f = 1 GHz, this thin dielectric strip has the equivalent sheet impedance
Z,. = .-j32800 P. For a i polarized incident and scattered wave Figure
2.32 and 2.33 show the magnitude and phase of the near zone scattered
electric field along the y axis (Note: IEj in dB = 20 log IEl in V/m). The
solid line is a computation from Gupta (12] and the dashed line is the sheet
impedance model. Figures 2.34 and 2.35 show the same data for the i
polarization. In brief Gupta uses a volume polarization current model for
the dielectric strip, and in this way is more exact than our sheet impedance
model. However, lie also uses asymptotic and far zone approximations
in finding lhe fields nf the ctirrents. Rnd in this wAy is less expct than onr

model. These Figures show almost perfect agreement for the 2 polarization,
while the magnitude of the + polarized scattered field is about 1 to 2 dB
below 1 Gupta's computation.

The above three examples illustrate that our implementation of the
sheet impedance model is capable of producing results within a few dB
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Figure 2.29: The backscatter RCS of a dielectric cylindrical shell for

polarization of the incident electric field.
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Figur,! 2.30: The backscatter RCS Of a dielectric cylindrical shell for
polarization of the incident electric field.
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DIELECTRIC STRIP

T a 1.829 x 10-4 m

0. 1829 m

Figure 2.31: Side view of an electrically thin dielectric plate.

of the correct result. Although these results may be accurate enough for
engineering accuracy, some improvemnent is possible. In particular consider
Figure 2.34, where our results are a couple of dB below Gupta's computa-
tions. For this dielectric strip

kneT = 0.0011,

and the incident field is polarized parallel to the broad face of the strip.
Thus we would expect the sheet impedance approximation to be very ac-
curate, and would not expect the 2 dB difference evident in Figure 2.34.
Thus, as described above, we expect that a substantial portion of the error
in Figure 2.34 is due to the fact that our expansion for the surface current
density on t.he sheet impedance plates vanishes at the edges, while the ac-
tual current does not. To test this hypothesis, we added a series of edge
modes which allowed for finite surface current density at the edge of the
sheet impedance plate. Figures 2.36,2.37 repeat the same data as in Figures
2.34,2.35, except the computation included these edge modes. Comparing
Figures 2.34 and 2.36 shows that adding the edge modes considerably im-
proved the agreement between our and Gupta's results.

In summary we have implemented in the ESP code a simple sheet for
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thin dielectric plates. The simple sheet impedance model is capable of
predicting near or far zone fields to witf!ýn a few dB of the actual values.
The accuracy of our model could be improved through the addition of the
above described edge modes.
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Figure 2.32: The magnitude (V/m) of the near zone E, field, on the line
(z = 0, y, z = 0), for the dielectric strip of Figure 2.31 caused by a normally
incident i polarized plane wave.
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Figure 2.33: The phase of the near zone E. field, on the line
(X= 0, Y, z = 0), for the dielectric strip of Figure 2.31 caused by a normally

incident, i polarized plane wave.
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Figure 2.34: The magnitude (V/Im) of the near tone E, field, on the line
(z = 0, yz = 0), for the dielectric strip of Figure 2.31 caused by a normally
incident i polarized plane wave.
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Figure 2.35i: Tile p~hase of thle ,icar zotfl. E. fiel(,, oll Ile bitke
(-T 0, ~: 0), for the dielectric strip of Figure 2.31 caused by a uormaily
incident i polarziied pivic wave.
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Pigure 2.36: The magnitude (V/mn) of the near zone E, fie|. oi the lir.t
(z = 0. y, z = 0), for the dielectric strip of Figure 2.31 cuse-1 by a normally
incident i polarized plane wave. Data computed with edge mnodes.
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Figurte 2.37: The jphtse of the necar zonie E., field, on tilt line~
P M= 0 y-= 0), for the dielectric strip of Figure 2.31 caused by a nortual1y

inrident - polarized plw.,w wave. Data computed with qdi modes.

47



Chapter 3

Summary

This report ha.s described two recent modifications to the ESP code. ESP
is a user oriented code for the analysis of the electromagnetic radiation and
scattering from geometries consisting of interconnections of iLiv wires and
plates. The two modifications or improvements are:

1. the ability tU compute near zone radiation and scatter ng patterns
(previously ESP could only compute far zone pattrns),

2. the ability to analyze thin diclectric plates through a shee; impedance
model (previously ESP could only analyze perfectly conducting plates).

These two features should bt part of 'he next version (IV) of the ESP code.
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